Type A behavior was assessed in 30 men and 30 women (ages 30-50) by a Videotaped Structured Interview (VSI). Scores for total Type A behavior as well as subcomponents (competitiveness, time urgency, hostility) were examined in relation to cardiovascular and neuroendocrine reactivity during a work day (change from a work-free day) and during laboratory-induced stress (change from resting condition). In addition, Type A and Type B males and females were compared with regard to total serum cholesterol, LDL and HDL cholesterol, and triglycerides. The results showed relationships between 1) competitiveness/hostility and physiological reactivity at work in men, 2) total Type A behavior (and hostility) and serum cholesterol in men, and 3) hostility and serum cholesterol in women. As expected, the association between Type A behavior and physiological measurements was more pronounced for "extreme" Type A and B men and women (upper and lower 10 subjects, respectively) than for the total groups of each sex.
INTRODUCTION
The Type A behavior pattern (see ref.
1), which is characterized by an extreme sense of time urgency, competitiveness, impatience, and aggressiveness, has been proposed as an independent risk factor for coronary heart disease (CHD) (2) . Some longitudinal studies (3, 4) have shown a twofold increase in the incidence of CHD in Type A individuals compared to their Type B counterparts. However, inconsistent and contradictory findings have been reported from several studies (5-7).
The traditional risk factors for CHD, such as hypertension and cigarette smoking, as well as Type A behavior, have been found to be associated with elevated cardiovascular reactivity (8) (9) (10) defined as the change in physiological arousal from rest (baseline) to stress. Since elevated cardiovascular reactivity is assumed to contribute to the atherosclerotic process (e.g., ref. 11), this may be an important aspect of several CHD risk factors (12) . Elevated catecholamine and cortisol levels are likewise considered potential risk factors for coronary artery disease (CAD), and some studies report larger catecholamine responses in Type A than in Type B individuals exposed to challenging conditions (e.g., ref. 13 ). However, as pointed out by Frankenhaeuser et al. (14) , this difference in reactivity between As and Bs is not seen under conditions that permit a high degree of personal control.
Serum cholesterol, in particular as low density lipoprotein (LDL), is a potent risk factor for CHD (15, 16) , and several studies indicate an association between Type A behavior and serum cholesterol levels (e.g., ref. 17 ). Schwertner et al. (18] found a significant positive correlation between cholesterol and plasma cortisol in extreme Type As and in patients with CAD but not in Type Bs or patients without signs of CAD. Recently, Weidner et al. (19) found that men and women scoring high on Type A behavior had elevated plasma and LDL cholesterol levels, and that adding hostility improved this relationship. Thus, besides elevated cardiovascular reactivity and catecholamine secretion, cholesterol is a likely mediator between Type A behavior and CHD.
In the present study, which forms part of a larger project (20) concerned with environmental stress in healthy male and female white collar workers, Type A behavior was assessed by a videotaped structured interview (VSI) (21) . Total scores for Type A behavior as well as scores for the subcomponents competitiveness, time urgency, and hostility, obtained by the VSI, were related to cardiovascular and neuroendocrine reactivity during a normal day at work and during experimental stress in the laboratory. In addition, Type A and Type B males and females were compared with regard to blood lipids.
METHODS

Subjects
Sixty nonsmoking healthy (as determined by a medical checkup) white collar workers, consisting of 30 middle managers (15 males, 15 females) and 30 clerical workers (15 males and 15 females), aged 30-50 years (mean age for men = 41.2 years, women = 41.5 years), participated in the study, which was approved by the Ethical Committee of the Karolinska Institutet. The groups were matched for age, and all participants were employed full time (40 hr/wk). For a detailed description see Frankenhaeuser et al. (20) .
Assessment of Type A Behavior
Type A behavior was assessed by a VSI developed by Burell et al. (21) on the basis of the procedure described by Powell et al. (22) . The Swedish VSI consists of 22 questions. Each of 42 defined behaviors are scored from the videotape on seven-point scales (0-6), comprising the following manifestations of Type A behavior: psychomotor activity, speech and voice characteristics, hostile/aggressive behavior, and Type A content in verbal answers. In addition to the total Type A score, scores are calculated for the following subscales: competitiveness (3 items), time urgency (25 items) and hostility (14 items).
The interview was performed by one male and one female interviewer (randomly between subjects), who had had special training, and independently scored by both interviewers. It lasted between 12 and 45 min (depending on the length of answers of the subjects), and there was no correlation between the duration of the interview and Type A scores. Interjudge reliability (Pearson's coefficient) was 0.73 (competitiveness = 0.67, time urgency = 0.68, hostility = 0.65), which is in agreement with data from American studies. Data from three males and one female were lost due to a technical mishap.
Cardiovascular and Neuroendocrine Measurements
Cardiovascular and neuroendocrine measurements were available from the main study (20) of which the present study forms a part. The main study comprised four different conditions: 1) a normal day at work (9:00 AM-5:00 PM), 2) a work-free day at home (9:00 AM-5:00 PM), 3) experimental stress (60 min), and 4) laboratory rest (50 min). Data from the day at home were obtained 1 week after the day at work, laboratory measurements were obtained 4 months later.
Systolic (SBP) and diastolic blood pressure (DBP) and heart rate (HR) were recorded every hour (fixed interval), using a semiautomated blood pressure device (digital sphygmomanometer UD-510), from 9:00 AM to 5:00 PM during the day at work and the day at home. Each recording was the median of three measurements, and mean values were calculated from the nine recordings each day. In the laboratory, SBP, DBP, and HR were recorded repeatedly by an automatic device (Dinamap 846, Mingocard 6) during a 60-min stress period comprising five different tests (star-tracing, mental arithmetic, color-word conflict, cold pressor, hand-grip) and the Type A Type A Behavior and Physiological Reactivity interview, and by a manual sphygmomanometer during a subsequent 50-min period of rest (see ref.
12 for details of the laboratory experiment). Thus, mean values based on 19 measurements during stress and 6 measurements during rest were available. Automatic recordings were calibrated against manual measurements for each subject and condition, and parallel measurements were highly correlated (20) .
Two-hour measurements of catecholamine and cortisol excretion were obtained at 11:00 AM, and at 1.00, 3:00, and 5:00 PM during the day at work and the day at home, respectively. Mean values (pmol/min/kg) for catecholamines (fluorophotometric assay) and cortisol excretion (radioimmunoassay) were calculated from the four samples obtained each day. In the laboratory, one urine sample was obtained after mental stress (about 9:00-10:00 AM, including the Type A interview) and one after rest (about 11:00 AM to 12:00 noon). Values from fluorophotometric assay were found to be in good agreement with values from high performance liquid chromatography (HPLC) with electrochemical detection (23) .
Blood Lipids
In the morning (8:00 AM) on a separate day, after 12-14 hr fasting, 1 week before the laboratory experiment, a venous blood sample was taken from each subject and enzymatically analyzed for serum cholesterol, triglycerides (Technicon, SMACK 2), and high density lipoprotein (HDL) cholesterol (Boehringer). In menstruating women, blood samples were obtained between days 10 and 14 of the menstrual cycle. LDL cholesterol was calculated according to the formula: LDL = total cholesterol -HDLtriglycerides«0.453. (Highest triglyceride value = 2.6 mmol/liter ) The majority of individual lipid values were within or close to Swedish reference levels (for details see ref. 24) . A blood sample from one woman was lost due to a technical mishap. Table 1 shows means and standard deviations of Type A scores and physiological measurements including lipids in males and females. Females had higher scores than males on all Type A scales, but the sex difference did not reach significance.
RESULTS
Means of Type A Scores and Physiological Measurements
As reported by Frankenhaeuser et al. (20) and summarized in Table 1 , males had a higher SBP than females and females had a higher HR. SBP (p < 0.001) and DBP (p < 0.01) were significantly elevated during the day at work as compared with the work-free day at home. HR also tended to be elevated on the job (p = 0.055). In the laboratory, SBP, DBP, and HR were significantly (p < 0.01) elevated during the stress condition compared to rest.
Epinephrine excretion at work was sigr nificantly elevated in both sexes compared to the day at home (p < 0.001), and women had significantly (p < 0.05) higher norepinephrine excretion than men (20) . In the laboratory, epinephrine and cortisol excretion were significantly (p < 0.01) higher during stress (9:00-10:00 AM) than during rest (11:00 AM-12:00 noon). However, according to the normal diurnal rhythms of these hormones (catecholamine secretion increasing, cortisol decreasing during morning hours), reactivity values for catecholamines were under estimated and values for cortisol overestimated. Nevertheless, this does not affect comparisons between groups.
As reported by Lundberg et al. (24) and summarized in Table 1 , men had higher LDL and triglyceride values, and lower HDL than women, whereas the sex difference in total cholesterol did not reach significance.
Type A Behavior as Related to Physiological Reactivity at Work Table 2 shows partial correlations between physiological responses (SBP, DBP, HR, epinephrine, norepinephrine, cortisol) at work and total Type A scores as well as scores on each of the three subscales, for men and women, after removing the (linear) effects of home levels. (Resting levels were significantly negatively correlated with reactivity values in 7 of the 12 cases.)
There were no significant positive correlations between total Type A scores and reactivity at work, but a significant negative correlation was seen between Type A scores and norepinephrine reactivity in women. With regard to the subscales, competitiveness was positively correlated with physiological reactivity in men (significant for HR, epinephrine, and norepinephrine) and negatively correlated in women (significant for SBP, HR, epinephrine, and norepinephrine). In addition, time urgency was significantly negatively correlated with norepinephrine in women and hostility significantly positively correlated with HR in men.
It has been argued (25) that elevated physiological reactivity is typically seen only in extreme Type As. To examine this hypothesis, "extreme" groups of Type A and Type B individuals were formed of the 10 males and 10 females with the highest and lowest scores, respectively, on the total Type A scale as well as on each of the subscales. (Due to ties in the rank order, the actual number of individuals in each group varied between 8 and 12.) Means for each "extreme" Type A and Type B group of males and females, respectively, were calculated for physio-logical reactivity at work and submitted to Student's t test.
The lower half of Table 2 shows that, in agreement with the correlations, men with high scores in competitiveness were significantly more reactive in terms of HR (p < 0.05], epinephrine (p < 0.01), norepinephrine (p < 0.05), and cortisol (p < 0.05). Men with high scores in hostility were significantly more reactive in terms of SBP (p < 0.01), HR (p < 0.05), and cortisol (p < 0.05). Furthermore, women with high scores in competitiveness were significantly (p < 0.05) iess responsive in terms of epinephrine.
Type A Behavior as Related to Physiological Reactivity in the Laboratory Table 3 shows partial correlations between physiological responses during stress and total Type A as well as subscale scores for men and women, after removing the effects of resting levels. (Resting levels were significantly negatively correlated with reactivity values in 4 of the 12 cases.) Only the hostility scores were significantly correlated with SBP reactivity in men.
With regard to "extreme" Type A and Type B males and females, Table 3 shows that men with high scores in hostility were significantly more reactive to stress in the laboratory in terms of epinephrine (p < 0.01) and norepinephrine (p < 0.01).
Type A Behavior and Blood Lipids Total Type A scores and scores on the subscales were correlated with total serum cholesterol, HDL and LDL cholesterol, and triglycerides in men and women. As shown in Table 4 , the total Type A score was significantly positively correlated with total cholesterol and LDL in men. The subscale for time urgency was significantly positively correlated with LDL in men, and hostility with total cholesterol in women.
The lower half of Table 4 shows that "extreme" Type A males (total score) had significantly (p < 0.05) higher total serum cholesterol and LDL values (p < 0.01) than Type B males, whereas the corresponding differences for females did not reach significance. However, women with high scores in hostility had significantly higher total cholesterol (p < 0.01) and LDL cholesterol (p < 0.01) than women low in hostility. Moreover, men high in hostility had significantly higher LDL values (p < 0.05). The difference between Type A and Type B groups in triglycerides did not reach significance, nor were there any A-B differences in HDL values.
DISCUSSION
The present data show an association between components of Type A behavior as measured by the VSI and physiological reactivity at the work place, as well as between total Type A behavior and serum cholesterol. The results should be interpreted with caution, considering the large number of statistical tests involved. Type A behavior (competitiveness, hostility) was consistently associated with physiological reactivity in men only, and reactivity measurements obtained in the laboratory did not correlate systematically with Type A behavior. As predicted, relationships between Type A behavior and physiological variables including lipids were most pronounced for subjects at opposite extreme ends of the Type A-B continuum.
The lack of agreement in associations between Type A behavior and reactivity measurements at work (Table 2) versus experimental stress (Table 3) suggests that stress at work was more challenging than laboratory stress to Type A-prone men.
The strongest association with physiological reactivity at work in men was found for the competitiveness subscale, which indicates that competition at work was the most important factor in eliciting elevated reactivity in Type A men. A recent review by Contrada and Krantz (26) does not show any consistent differences between laboratory and real-life studies in terms of relationships between reactivity and Type A behavior, but points to the importance of specific relevant situational elicitors of A/B differences in reactivity.
In agreement with earlier studies of employed women (27) as well as of female university students (28) , the present group of female white collar workers had slightly higher mean Type A scores than their male colleagues (Table 1 ). There were also interesting sex differences in the correlational pattern. In men, competitiveness was significantly positively correlated with physiological reactivity at work (Table 2) , while the corresponding correlations for females tended to be negative. This is consistent with earlier findings by Frankenhaeuser (e.g., ref. 29) showing positive correlations between achievement-related variables and catecholamine excretion in males, but not in females. In the present case, the negative relationship between Type A behavior and physiological reactivity may be interpreted as showing that highly competitive women are less stressed at work than noncompetitive women and/or that they are more stressed at home. The lack of positive association between physiological reactivity and Type A behavior in women is also in agreement with earlier Type A studies (e.g., refs. 30 and 31). The mechanisms underlying the sex difference in physiological correlates of Type A behavior need to be examined further. Except for the Framingham Type A scale (4), Type A assessment has not yet been prospectively linked to CHD in women (5) .
Only hostility scores were significantly associated with reactivity in men both at work and in the laboratory and with (LDL) cholesterol values in men and women (Table 4 ). This is in agreement with the findings by Weidner et al. (19) of a relationship between elevated levels of plasma and LDL cholesterol and hostility among type As. It is also consistent with other studies (25, 32, 33) supporting the notion that aggression/hostility is the most "toxic" component of Type A behavior. The VSI hostility scale is of a "freefloating" kind, assessed by exaggerated irritability, distrust, aggressive generalizations, and clinical signs of psychomotor irritability, clenched fists, and an explosive, unpleasant voice. It is important to note that the subjects in the present study were in good health, which points to the possible predictive value of hostility assessment. 
